SUMMARY The relation between quantitative ultrastructural changes of the left ventricular (LV) myocardium and contractile function was studied in patients with chronic aortic stenosis (AS). The Thus, intracellular reduction in the volume fraction of myofibrils was the major morphologic finding in LV biopsy samples of patients with decompensated pressure overload.
SUMMARY The relation between quantitative ultrastructural changes of the left ventricular (LV) myocardium and contractile function was studied in patients with chronic aortic stenosis (AS). The volume fractions of myofibrils, sarcoplasm and mitochondria in myocardial cells were determined by electron microscopic morphometry in small LV tissue samples of 19 patients with AS. Interstitial fibrosis was measured by light microscopic morphometry. Transmural biopsies of the LV free wall perfused by the anterior descending branch of the left anterior descending coronary artery (LAD) were obtained during aortic valve replacement. LV function was analyzed from preoperative right-and left-heart catheterization and angiography. Group 14 .7%, p > 0.05). Biopsies from the area perfused by the LAD in 10 additional surgical patients who had coronary artery disease with moderate LAD stenosis and normal wall motion in the area of LV free wall perfused by the LAD were taken as controls for morphometric data. No significant difference of ultrastructural data was found between group 1 and controls. The volume fraction of myofibrils was lower in group 2 than in controls (42.1 vs 52.9%, p < 0.001), and the volume fraction of sarcoplasm was higher (36.0 vs 21.1%, p < 0.001). Mitochondria and interstitial fibrosis did not differ in group 2 and controls (p > 0.05).
Thus, intracellular reduction in the volume fraction of myofibrils was the major morphologic finding in LV biopsy samples of patients with decompensated pressure overload.
ULTRASTRUCTURAL degenerative changes of the myocardium in hypertrophied right and left ventricles have been proposed as morphologic correlates of impaired cardiac function.'-' However, no attempt has been undertaken to quantify these changes by morphometry of myocardial biopsy samples. Therefore, we examined the ultrastructure of transmural myocardial biopsy tissue from patients with aortic stenosis (AS) and quantitated the intracellular volume fractions of myofibrils (contractile material), sarcoplasm and mitochondria by electron microscopic morphometry, and the interstitial myocardial fibrosis by light microscopic morphometry. We then correlated quantitative ultrastructural findings with preoperative hemodynamics in these patients.
Methods Patients
We studied 19 surgical patients, 15 men and four women, mean age 47 ± 10 years (± SD) (range years), who had chronic AS. All patients underwent right-and left-heart catheterization, including left ventricular (LV) angiography and selective coronary arteriography, within 2 months before operation because of angina or dyspnea on exertion (n = 15) or severe congestive symptoms (n = 4). No patient had an acute event between catheterization and operation. Ten additional patients, ages 44-61 years, who had coronary artery disease and underwent LV catheterization and angiography and selective coronary arteriography within 2 months before coronary bypass surgery were also studied. Coronary surgery was done because of chronic angina in all 10 patients. Seven patients received two grafts and three patients received three grafts. The degree of the stenosis of the left anterior descending coronary artery (LAD) was measured using the technique of Brown et Thin sections (0.5 ,um) for electron microscopic examination were cut with a microtome (LKB Ultratome III), mounted on uncoated copper grids, stained with saturated aqueous uranyl acetate and lead citrate and evaluated with an electron microscope (Philips EM 300). Sections were put on a grid and localized at low-power magnification under the electron microscope. Then, at a magnification of X 10,000, electron micrographs were made using a random sampling procedure. In each square of the grid, two electron micrographs were made using the upper left and the lower right corners as orientation for the selection process. A counting grid with 144 intersections (points) was then put over the photographs. According to the principles of morphometry,14 counting the number of points overlying a certain structure results in a quantitative determination of the volume of the structure under investigation in relation to the volume of the entire tissue.
The volume fractions of three intracellular compartments -myofibrils, sarcoplasm and mitochondria -were determined. The nucleus was excluded from the counting process. The percentage of each compartment was obtained by dividing the number of points for each compartment by the total number of points counted. A transmural sample from each patient was studied, and 12-50 micrographs (average 29 micrographs) were prepared from each sample, for a total of 841 electron micrographs. For each micrograph, 144 points were counted (i.e., a total of 121,104 points). Variability of the method was tested by the following procedure. Electron micrographs from nine patients wer prepared at magnifications of X 5000, X 
Discussion
In this study, we quantitated ultrastructural characteristics of LV myocardium in a series of symptomatic patients who underwent open heart surgery because of chronic LV pressure overload. Morphology was analyzed from a small tissue sample, and the findings were related to myocardial function of the whole heart. Use of this technique may introduce a sampling error; however, the biopsy specimen was taken in all patients from the perfusion area of the LAD. We standardized our morphometric techniques and found good intra-and interobserver agreement when the data of electron and light microscopy were analyzed. Thus, the morphometric observations of transmural myocardial biopsy samples give, at present, the best information about the quantitative distribution of cellular and extracellular components of the myocardium in patients with heart disease.
Myocardial function was analyzed from angiographic and pressure data obtained during preoperative heart catheterization. EF ultrastructure of the myocardium correlated with contractile function in patients with AS. Patients in whom EF, left atrial pressure and right ventricular systolic pressure were abnormal had more advanced LV hypertrophy but fewer myofibrils in myocardial cells than patients with normal hemodynamics. This finding suggests that a reduction in the volume fraction of myofibrils may contribute to impaired contractile function per unit of hypertrophied myocardium in the former group. Reductions of myofibrils in several patients with severe muscular obstruction to right ventricular outflow tract' and in chronic aortic valve disease2, 3have been reported. In some patients with atrial pressure overload due to endocardial cushion defect, loss of myofibrils was seen in right atrial myocardial cells.'7 However, changes in intracellular volume fractions were not quantitated in these studies. In contrast, Fleischer et al.'8 investigated transmural LV biopsy material by electron microscopic morphometry and found 52% myofibrils in myocardial cells of patients with mitral stenosis. They interpreted this value as normal for adult human patients. Our data in patients with coronary artery disease and normal wall motion resemble the data of Fleischer et al. '8 This supports the assumption that the volume fraction of myofibrils was normal in this group. A significant reduction in the volume fraction of myofibrils was found in group 2 compared with controls, but not in group 1. Group 2 had more advanced hypertrophy and poorer LV function than group 1, which still had normal LV function. Thus, group 1 represents compensated pressure overload and group 2 represents decompensated pressure overload.
Electron microscopic inorphometry has been used in the experimental animal in several studies. Sheridan et al.'9 determined the volume fraction of myofibrils in right ventricular papillary muscles of neonatal and adult cats and found an increase from 35% to 48% with age. Page et al.20 reported that the normal volume fraction of myofibrils in the rat heart was 46-50%; this volume fraction increased to 53% within 1 month after supravalvular aortic constriction. In contrast, Hatt and co-workers2' found a significant reduction in the volume fraction of myofibrils in the rat heart 4 days after constriction of the abdominal aorta (from 59% to 50%) associated with an increased volume fraction of sarcoplasm (from 10% to 17%). Ten days after removal of aortic constriction, the volume fraction of myo- fibrils increased from 50% to 58% and that of sarcoplasm decreased from 17% to 12%. These investigators suggested that the reduction in the volume fraction of myofibrils during sudden acute pressure overload might have been the result of two opposed phenomena: an active hypertrophy (production of myofibrils) and cell damage (myofibrillar lysis); they also found that degenerative intracellular changes were more pronounced in the subendocardium than in the subepicardium of the left ventricle. In addition, the cell width was greater in the subendocardial than in the subepicardial layer (14 ,u vs 11 ,u hydroxyproline (reflecting the amounts of collagen in myocardium), whereas in most hypertrophied hearts the hydroxyproline concentration was normal. These authors therefore concluded that in hypertrophied hearts the total amount of collagen must'actually be increased to the same degree as the increase in muscle tissue. Wigle29 described five postmortem human hearts with valvular aortic stenosis and increased fibrosis, especially in the subendocardial layer of the left ventricle in three of them. One heart, however, had calcareous emboli in the coronary arteries. In the present study we did not subdivide the tissues into subendocardial and subepicardial layers and we cannot rule out the possibility that subendocardial fibrosis may have been higher in group 2 than in group 1.
However, in another study we found slightly higher degree of fibrosis in subendocardial than in subepicardial tissue samples of 13 pressure-overloaded hearts.3
In conclusion, the volume fraction of myofibrils was reduced in the LV tissue biopsy specimens of patients with decompensated pressure overload and advanced hypertrophy and was probably normal in patients with compensated pressure overload. Interstitial fibrosis was not different between AS with normal and impaired LV function. We therefore consider a reduction in the volume fraction of myofibrils to be the myocardial factor in chronic pressure overload.
